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Tests have been COndLl(?t.edin the INAL 1~-fcot
high-speed tt?.nnelto determine which of three spinner-
M_ff’user designs on an NACA DS-type cow].ing was the

most effective in cooling a Pratt & ‘J%ltney R-28G0
engine installation. The cowling as originally tested
had a curved dif’fv.sersection and a relatively hi~b
inlet-velocity ratio. ‘NNSmodit’icatigns were tested,
both o? WbiCh had straipht-wall tLiffl~.~ersectioilsand
lower inlet-velocity ratios than the Original instal-
lation.

The results of pressure-di,strtbutlon studies in
front of and behirid.each bank of cylinders are ‘pre-
sented for a wide ran:e of ~~rope~.1.er-operat~.ngcondi-
tions. The cooling characteristics of the engine are ,
presented by the National Advisory Committee for
Aeronautics method of correlatin~ engine data.

The pressure data indicate that both revised
spinner-diffuser arrangements resulted in sl.ip:htly
higher pressures and more uniform pressure distributions
at the face of the engine than were.obtained with the
original. arrangement. The results of the cooling cor-
relations indicate that the revised spinner-diffuser
arrangexients lowered the cylinder-head ‘temperatures from
5° to 15° F below the temperatures of the origiilal
design. The base temperatures were practically t~e ‘&ame
for all three diffusers.



INTRODUCTION

The results of cooling tests ’of a Pratt & V/hitney
R-2800 engine in~talled in an NACA D~-type cowling were

presented in reference 1. A study of’these results
indicated that better cooling of the engine might be ~
achieved by r.edifying the spinner-di.ffu.serarrangement.
The original. cow].ing frlstalla.tiouof reference 1 incor-
porated a spinner with an abrupt enlargement just short
of its major diameter. A small cowling inlet area
requiring a laigh inlet ve3-ocitywas employed. Between
the inlet opening and the Tace of the en~ine was located
an expandin~ duct or diffuser having curvecl-wall sections.
Replacement of the difi’u.serwall sections by straight-
wall sections a.p~eared to cffer aerodynamic im,provem.en.ts
as well as tlaeadvantage of structural simplicity. The
value of the abrLlpt enlarqernenton the s:pinrierwas
questioned. Moreover, a somewhat lower inlet-velocity
ratio seemed de,S~Lrable. 033the basis of these possi-
bj.lities, two modified. spinner-diffuser ari7arlgements
were designed fov teeti.ngin the ori~inal cowlinc. In
both modifications the abrupt enlargement of the spinner
was abolished and the spinner was faired to a smaller
maxtmmm diameter. The maximum diameter of the fairing
behind the spi~i~er~was redl~ced to the ~l~~ii~l~~~~ diaw.eter
of’the spinner. The diffuser sections for both modified
~pinner-diffuser arrangements employed straight walls.
The difference between the two modifications was only
in the angle of the diffuser passape with respect to the
thrust axis.

The object of thts report is to compare results of
tests cf the two modified ‘~pinner-dif’fuserarrangements
with the results obtained with the original installation
in regard to aerodynamic and.engine-cooling character-
istics.

~p.gine.-coalj.ng te,stswere wade in which complete
pressure-distribution data were obtained for a wide range
of propeller-operating conditions and various cowling-
flap settings. The engine was operated over a range of
power conditions up to rated.power. ‘Testresults are
presented only-for zero angle of attack.
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DESCRIPTION OF MODEL AND APPARATUS
,.. . . ....

The model on .wntch the three spinner-diffuser
arrangements were tested is shown mounted in the 16-foot
high-speed-tunnel test section in figure 1. A complete
description of the power plant and propeller is given
in reference 1. The general shape and coordinates of
the cowling and the original spin,ne~aridMffuser are
given in figure 2. The original spfnner was designed
with an abrupt increase tn diameter immediately ahead.
of the cowling entrance. The intended purpose of this
~~humpi]was t~-tllinOUt the boundary layer and to obtain
a favorable pre.ssurc gradient at the diff’u~er entrance.
The original diffuser walls were curved and were
apparently aesi~ed to diz~qctthe cooling air flow
toward the cylinder barrels.

The mod.ificatlan A spi.nner-cii.ffuserarran~ernent
was designed to provide a lower inlet-velocity ratio
than that obtained wl.th.the origjnal Installation. The
lower inlet-velocity ratio offered the p:>sri’bi.lftyof
less diffuser I.OSF, increased ‘pressures, and better
pressure distrfbu.tion at the en~fiqe cylinclers.

The most cor~venj.entmethod of increasing the cowling
inlet area was to reduce tliemaximum diameter of the
rotating spinner, changi.n~only the rear portion.where
the diameter of the cpinner had ‘been abruptly increased
to form the hump. The diameter of the faj.ringbehind
the spinner was also reduced and was made con:lcalwith
the maximum diameter equalling that of the rotating
spinner. Both walls of the diffuser were straight.

The modification B spinner-diffuser arrangement
was similar to the modification A design. The main
difference was that the fairing behind the rotating
spinner wae cylindrical with the diar,etermatching the
maximum diameter of the rotating spinner. The modifica-
tion A arrangement directed the flow of cooling air
toward the central portiori of the cylinder, whereas the
modification Eldesign favored the upper portton of the
cylinder. Otherwise the twornod,ifi.cationswere identical.
Figure 3 shows the spinner-diffuser confl~uratlons for
the three arrangements described.

The normal carburetor-air inlet was blocked off
for all tests ~o that the quantity of charge air could
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be measured through an external duct systeinin which a
calibrated venturi had been installed. The blocked-off
carburetor duct and a portion of the external charge-air
duct which is aft of the venturi may be seen in figure 1.

The inlet-velocjty ratios were obtained by means
of four shielded total-pressure rakes and surface static
orifices in the diffuser entrance. The locatton.of these
tubes is shown in.figure 4 for the original diffuser and
in figure 5 for both modified diffusers. The location
of pressure tlioeson the individual engine cylinders
is presented in figure 6.

Three th.ermlocoupleswere installed cm each of’the
18 engine cylinders. One was ewbedcledapproximately
1/16 Inch deep in the cylinder head at the rear spark-
plug,boss on the center line between the two spark
plugs approximately 3/4 inch behind the center of the
rear spark plug. Another WS.S embedded approximately
3/16 inch deep in the flange at the rear of the cylinder
base 3/4 Inch f’ro?nthe edge of the flange slightly to the
I.eftof the.center line of the cylinder as viewed from.
the rear of the en.ginewhil.e looking at one of the top
cyltn,de.rs. The third was th@ spark-plug gasket type of
thermocouple and was installed between the rear spark
plug and the cylinder head. The temperatures were
recorded.on a sel.f-balancin.gpotentiometer.

!!!hecowling flaps were operated manually. Tn their
neutral or ~~closedtiposition, the co~~ling-flap gap WaS
2.5 inches. In the maximum or ‘tfullopen~tposition of
the cowling flaps, the gap was 7.2 inches.

SYMBOLS

P/% pi”essure coefficient

p Pre~~ure referenced to free-stream static pres-
sure, pounds per square foot

%J indicated dynamic pressure, pounds per square
foot (FcPV2/2)

P mass density of air, slugs per cubic foot

v velocity, feet per second
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Fc

M

V/nD

.n

D

Cp

P.

o

o~

AP

aT

‘we

T

Ta

‘g80

Th

Tb

Tsp

compressibility factor for air
.(.

~+$+M4
,. .. . .,,. 4 )m+’””.... ,,.. .
Mach number, the ratio of tunnel”airspeed to

acoustic velocity in air

propeller advance ratio

propeller rotational speed, revolutions per
second,

propeller diameter, fee,t

power coefficient (P/pn3D5~

power, foot-pounds per second

relative densl,ty of air (p/(j.(j02378] ““

relative density of air at the stagnation point
(r~lat~ve density of the cooling air)

cooling-air pressure drop, inche~ of water

angle of attack of’thrust

weight flow of charge air,
pounds per second

aXiS, degrees

pounds per hour or

cylinder-head or cylinder-base temperature
. (average Indication,or 1,8thermocouples) , ‘F’

cooling-air temperature Istasnati’on-air.tempera-
ture in front of engtne), oF

reference mean effective gas temperature (for
an 80° 1?charge-air “temperature), ‘F

cylinder-head temperature (average of 18 thermo-
couples embedded in the rear spark-plug
boss), ‘F,

cylinder-base temperature (averageiof 18 thermo-
couples embedded in the cylinder flange’), ‘F

cylinder-head temperature (average o’f18 spark-
plug gasket thermocouples), ‘F
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m (y/z)

y and z exponents associated with Vie
respectively

TESTS

Tests were made to obtain radial and circumferential
pressure-distribution data as well as diffuser pressures
for a wide range of propeller-operating condition? and
tunnel speeds and with several cowling-flap posit~ons
ranging from closed to full open. Another series of
tests was made to determine the variation in pressure in
front of and behind the engine with change of V/nD for
several.power coefficients and cowling-flap positior~s-
The propeller advance ratios ranged from approximately
0.8 to 2.8; the values of power coefficients used in
these tests were 0.1, 0.2”,and 0.3.

The tests to establish the engine-cooling-correlation
curves for each. spinner-diffuser desipn followed the usual
NACA cooling-correlation test procedure. In particular,
the engine power ranged from 400 to 1.630brake horse-
power. The engine was operated almost entirely at
2120 revolutions per minute for all but the 1600-brake-
horsepower runs which were run at 2400 revolutions per
w.inutec The fuel-afr ratios were varied from sli~htly

~liahtly in exce,ssmore than 0.05 to . of 0.11 for tests
of the original and nmdification A spinner-diffuser
arrangements. Variable fuel-air-ratio data for the
modification B spinner-diffuser arrangement were not
obtained.

RESULTS AND DISCTJSSION

Aerodyiiami-csof Cooling-Air Flow

Radial pre~surc distribution.- The rad}al pre—.
at zero angle of attack at the various stations th
the three variations of the cowling tested are pre
in terms of indj-cated dynamic pressure. in figure 7
data used to illustrate these radial pressures are
a V/nD of 1.7, Cp Of 0.160 and a true airsPeed

ssures
rough
sented
● The
for

of
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260 mi.legper hour; the cowling-flap gaps were set at
2.5 and ‘7.2inches.. The results at this test condition
arw typical of”the results obtained at the other test
conditions. The pointy plotted represent pressures
obtained by averaging’all pressure-tube readings at
given distances from the horizontal center line of the ~
engine.

The fact that higher pressure recov~ries were
found at station 1 in the cowling diffuser entrance
when the cowling flaps were open than were found when
the flaps were closed has been discussed in reference 1
and was apparently dur.?to stall..tngof the propeller-
hlade sections in front of the cowlit]g entrance at the
low-inlet-velocity flaps-closed copdltiona ‘l’hepres-
sures at this station were slightly hfl.gherfor the
original spinner-diffuser arrangmfients than for either
modffied arrangeme~t~ P~obably because of the higher
inlet velocity.

The Inlet-ve].ocity ratios are shown in the following
tabl~ for each of the three spinaer-dl.ffuser desi~ns at
the two extreme positions of the c~wlin~qflaps.

Spinner-diffuser 2“5-::;; ::;~~%- 7 “2-j”nchcQwlin~-
arran~ernent flap gap

{minimum opening) (maximum opening)

Original 0.68 0.89
Modification A .58 .’77
]\/~odifi,~ationB

● 59 .70

At the front face of’the front row of cylinders,
statj.on2, only small dif’feren.ceswere noted between
the results for the modified spinner-diffuser arrange-
ments, both of which presented higher pressures than
did the original installation at<this station. 1$
ShOU].6be noted that the pressLlres.at ~tat$on ~ were
improved in spite of the loss at station.1 suffered by
the modified arrangements as”a result of propeller
cuff stalling. ‘Therefore, the gains due to themodif’ied
spinner-diffuser d~signs are greater than indicated by
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simply comparing pressures at station 2. These gains
were largest at the top of”the cylinder heads and At
the cylinder barr’els. Of interest is the fact that the
modified. spinner-diffuser arrangements allowed higher
pressures at the cylinder barrels than did the original
design in which the air flow was directed toward the
cylinder barrels, as is shown in figure 3. The low
pressure at the cylinder barrels presented by the
original. spinner-diffuser arran~ement is evidently due
to separation in the diffuser.

Even though the radial.pres~ure distribution wa~
somewhat improved by the modified spinner-diffuser
desi~ns, the pressure distribution is still not as good
as is usually obtained with an NACA ltC1rcowling.which
presents a more uniform-,radial pressure distribution in
front of the en,yine. The poor radial pressure distri-
bution is apparently ariinherent ckaracterfstie of the
‘?DS[ttype of cowling.

At station 3, the original spinner-diffuser
ar~angem.e’n.tshows a slight advantage over the two nmdi-
fications. The pressure drop across the front bank of
cylinders, if w.easured by the centval total.headand
central static tubes,would credit the ori~inal design
with the highest value. However, the integrated average
pressure drop would be the highest for the two modified
designs.

pol.~11 diffusers tb.eraclialpressure distribution
obtained at the front face of the rear row of cylinders,
station 4, was uniform. Both modified arrangements
presented higher pressures at station 4 than did the
original arrangewient.

~airly uniform static-pressure distribution
occurred at station 5. ~~owever, t]lepress~~re drop
across the rear bank of cylinders ‘Jra~ decidedly higher
with eit~iermod.iffcation.

Circumferential pre~sure distributiorl.- The circum-
ferential pressure distrlbut~=~t~~he front and rear of
each bank o.fcylinders is presented in f~gures 8 through
11. To illustrate the circumferential pressures, the
data were used from the same test conditions as were
used to illustrate the radial pressures. .The figures 8
through 11 indicate that the modifications had only
slight effects on the circumferential pressure pattern.
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With the original spinner-diffuser arrangement, as di.s.
cussed in ‘reference 1, low pressures were experienced on
“-cyl~-nde~g-z ‘and ~80’ This was ‘“attributedto either the
air flow breaking down in the diffuser section over the
indentations in the diffuser, which were to compensate
for the space occupied by the two distributors, the
magneto and the propeller governor, Or to the air flow
breakirig down at the cowling entrance due to the blocked-
off carburetor duct shown In figure Ii The pressures
on these two cylinders appear to have been improved
considerably, probably because of’the lower inlet-
veloc,i.tyratios of the modified spinner-diffuser desi&s.
Increasing the pressures on cylinders Z.and 18 brought .
the pressures on these two cylinders UP nearer the
average of the other cylinders in the front bank. ThiS
increase in pressure resulted ina more uniform circum-
ferential pressure distribution thanwas’ obtainedwith,
the original installation.

On the rear bank of cylinders, the pre?sure distri.
bution remained irregular with only slight differences
occurring in the pattern for the various diffusers.

Pressure available.- The change in average pressure
coefficient at the face of the encine with variation of
propeller advance ratio is presented in figures 12 and
13 for all three spinner-diffuser arrangements at plower
coefficients of 0.1, 0.2, and 0.3 for the two extreme
cowling-flap positions. Data were also obtained with a
4-inch cowling-flap gap but is not presented because in
all cases it fell b“etween”the curves ‘obtainedwith the
cowling flaps in the two extreme nositions. The average
pressures shown in these “figuresinclude only the pres-
sures near the centers of the heads and barrels and thus
do not show effects at the top of the ‘heads where the
largest gains occurred with the modified spinner-
diffuser arrangements.

With a cowling-flap gap of 2*5 inches (fig. 12) at
the cylinder heads, the pressure coefficients were
practically the same for all three spinner-diffuser
arrangements with the exception of those obtained with
a power coefficient of 0.1 , at the lower values of
prOpeller adv8.nCeratio, where the revised spinner- ..
diffuser arrangements had a definite advantage over
the original installati~n. At the cylinder bases the
pressures were highest for the modification A spinner-
diffuser arrangemez-itfor all values of power coefficient
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te~~ed, The original installation and the modification B
spinner-diffuser arrangement gave practically the same
pressures for corresponding values of V/nD.

With a cowlin~-flap gap of 7.2 inches (fig. 13) the
modification B spinner-diff’user arrangement gave higher
pressure coefficients for all values of power coeffi-
cient tested than did the modification A spinner-diffuser
arrangement. The original installation presented an
almost constant pressure coefficient which is slightly
‘higher than the modified insta~lation~ above values of
V/nD of 1.24, 1.78, and 2,20 for power coefficients of
0.1, 0.2, and 0.3, respectively At the cylinder bases,
the pressure coefficients are again highest for the
modificatj.on A spinner-diffuser arrangement. The pres-
sure coefficients for the original installation and the
modification B spinner-diffuser ,avrangement are prac.
tically the same for val-uesof propeller advance ratio
above approximately 1.8 for power coefficients of 0.2
and 0.3. For these power ~oeffic~-ent~, at values of
propeller advance ratio below 1.8, the modification B
installation had an advantage over th.~original configu-
ration.

The variations of pressure ,coef’ficientat the rear
of the engine with propeller advance ratio are presented
in figure 14 for the full-closed cowling-flap position
and in figure 15 for the full-open cowling-flap position.
The average static pressure at the rear of the engine is
dep~ndent principally on the flap setting for a given
value of V/nD. It is considered that the changes in
pressure coefficient shown between the various spinner-
diffuser arrangements may be accounted for by unavoidable
inaccuracy in cowling-flap setting.

Engine temperature patterns,- Typical engine temperat-
ure patterns are pre~ented for all,three spinner-diffuser
arrangements at the two extreme positions of cowling flaps
in figure 16. There were no radical changes in tempera-
ture pattern caused by either of the modified cowlings.
Cylinder 14 continued to run hotter than any of the other
cylinders. An examination of’the circumferential pressure
data indicates that cylinder 14 was receiving a fair
share of the cooling air and, thevefore, the high tempera-
ture obtained must be attri?~uted to other causes.
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Engine-Cooling Correlation
-..–,...

The engine-cooling-cor~elat~on curves for the
original diffuser have been presented in an earlier
report (reference 1) . Complete eilgine-cooling-
correlation data are presented in this report for the
two revised spinner-diffuser arrangements as well as
for the original installation (tables 1, 11, and 111).

The pressure orif’fc~ locations used to measure the.
pressure drop acros,s the engine for the cool.in~cor,re-
latjons are shown in fiRure 5. The pressure d.ro~across
the cylinder heads was measured as the difference between
the total pressure @egistered by tube A, located at the
baffle entrance of’the front bank of cylinders, and the
pressure r@gfstered by tube E$ ‘a closed-end static tube
at the top of the cyl.ipder-lw?ad.baffle between the ex-
haust port and the blast tube of each cylinder in the
rear bank. The cooling-air pressure $iropacross the
cylinder barrels was .mea.suredas the M.tference between
the total pressure indicated hy tube C!at the f’ront-
barrel haff’le entrance and the static pressure indicated
by tube I),an open-end tu,beM the curl of the baffle
behind the rear bank barrel. The values of cooling-air
pressure drop used.in the correlation are circumferential
averages over the entire en~:r~e.

A comparison of’the engine-cooling-correlation
curves for the three spinner-diffuser arrangements is
presented i.nfigure 17. The cool~-ng-correlati,onequa-
tions for each of tli~ spinner-diffuser designs are given
in table TV. A study of figure 17’shows that the dif-
ferences between the origin,al and modification B cowling
installations are very small. The modification A
spinner-diff’user arrangement, however, shows ariadvantage
for head temperatures and sli.{;htdisadvanta~e for the
base temperatures. ‘I’hemaximum cylinder-temperature
difference between the installati~ns$ for t~leba~es, 1s
of the order of 2° to 4° ,F and thereby practically within
t“helimits of experimental accuracy. For the heads, the
maximum temperature reduction for the modification A
spinner-diffu+er design amounts .to approximately 15° 3?.,, ,. ,. ., ,. .,,..,,,,.,,,,,,. ,.

‘TheNACA engine-cooling corr~lation embodies the
principles set forth in references 2, 3, and 4; these
principles show that the ratio of the cooling-temperature
differential to the heating-temperature differential. is
a function of a relatfonsb.ipbetween the internal flow



of the heating fluid and the external flow of the cooling
fluid. This relationships expressed by
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‘When a Singls total-head tube and.a single static
tube ape used to measure the pres,sur% drop across a
cylinder, the resulting correlation curve may seem to
have been affected by the locatiiouof the total-pressure
t~h~; in other words, one “di.ffu.serwhich directs the air
flow squarely upon the reference total-head tube may be
credited with a greater pressure drop than wmther Mf-
fuser which does not influence the reference total-head
tube directly. (See fig. 3.) Pressure drop alone in
not necessarily an indication that one diffuser is more
effective than another in cooli.nq the en~ine; actually
it is the engine temperature correspon.din~ to a given
pressurs drop which is the true measure of the engine-
cooling ef’fecti.venessof a g.i.venCOW3.iIl~ Installation. “’
The engine-cooling-correlation curves presented in this
report app~y On~y t~ the particu.la.rinstallation of
pressure. tubes and therwocouplcs used in these tests.
If more general results were to be obtained, a more
complete installation of pressure tubes and thermocouples
would be needed for each cylinder so that true average
pressure clropsacross the cylinder and true average
cylinder temperature co’uldbe obtained. Inasmuch as the
engine instrunm]tation. .wafithe same in all case?, the
correlation curves may be used to show the relative effec-
tiveness of the various spinner-diffuser arrangements in
cooling the engine for a given indicated cooling-air
pressure drop.

The variation of’mean ef’f’ectivegas temperature
with fuel-air ratio for t-neorigir.al and modification A
spinner-diffuser arrangements is shown in figure 18.
The gas-temperature data for m-edification B were not
measured, but the faired curves in fiflur.e18 may be used
wj.th all three correlations. The mean effective gas
temperature is referenced to 80° carburetor air.

The er+~ine-temperature rela”tio~.shipsfor the three
spinner-diffuser arran-gements are s~lowni.nfigure 19.
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The plotted points represent temperatures obtained for
all eh~f.ne-cooli.n~:corwilation tests. Plots of hottest
head ~rnbedded.te~perature aga.inst average head embedded.
temperatur~ and,hottest “spark-plug ga”sket temperature
versus averag;e spark-plug gasket temperature show that
no definite relationship existed between the different
spinner-diffuser designs, The plot ‘ofaverage spark-
plug gaske”tagainst average head embedded temperatures
shows the curve for the “original installation approxi-
mately 15° higher than for the other i.nstalla$ihrls.
Little .variation is “found in the plot of hott&$t base
embedded temperature versus average base’embed.dedtem-
perature. ‘ .,

Figure 20 shows the computed average cylinder
temperatures that woul.ilbe cbtained over a.rar~geof air-
speeds for two assumed engine.-operatinq conditions.
This figure was prepared on t~e ‘bas:isof the coolin~-
COrrelatiOn reSUltS. A cruise conditi~n with 1100 brake
horsepower, 2120 revolutions per minute, and F/A = 0.08,
and a high-speed condition with 1600 br,akehorsepower,
2600 revolutions per minute, and F/A = 0.11 were
assumed. The weipht of charge air required. in the cal--
culations was obtatned from the present test data. The
mean effective Fas temperature was computed.by equa-
tion (2) of uef’erence 1 usinl~figure 18 to obtain Tg80.

It will be noted that the average head temperatures are
approximately 50 F lower with the modification B dif’-
fuser and approximately 15° ~~lower with the modifica-
tion A dtff’user than was obtained With the original .
installation. The base temperatures wei~erelatively
unaffected by the ~nodifications,

If 450° F is considered as the maximum permissible
cylinder-head temperature for continuous operation, the
average cyl”inde.r-headtemperature wou].dbe approximately
410° F’. For the crufse condition, an.airspeed of, ~
240 miles per hour is needed to cool the cylinder .heads
with the original s,piziner-diffusers.rran~ement~ To “COO1
adequately with the modificatio~. A Spin.neti-diffuse’r“
arrangement, an airspeed of 215 miles per hour is ‘“
required. For the high-speed condition, an airspeed of
224 miles per hour is needed to cool the cylinder heads
with the original installation while Withthe nmdifica-
ti.onA configuration the,’samecooling is accomplished
with an airspeed of 196 miles per hour.

.. .,.,
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The maximum permissible cylinder-base temperature
is taken as 335° F. Since the temperature difference
between the individual cylinder bases is relatively
small, a maximum average cylinder-base tem~erature of
320° F may be used. For the cruise condit~on, the
cylinder bases will cbol.adequately for all of the
spinner-diffuser arrangements at any airspeed greater
than 165 m.i.lesper hour. For the high-speed condition,
the cylinder bases will he adequately cooled above an
airspeed of 205 miles per hour if the original instal-
lation or the modi~ication B installation ‘isused. If
the w,odification A spinner-diffuser arrangement is used,
the same airspeed is needed to cool the cylinder bases
as was required to cool the cy-linderheads, 196 miles
per hour.

1. Both mcdifled spi.nner-diff%.serarrangements
produced a larger average pressure drop available to
cool the en~ine tharlwas obtainPLblewith the origfnal
installation.

2. The er~~ine-cooling-correla”kf.oncurves indicate
that the ~flodLificattOnA s~in.ner-diff’userarran~emen.t
was the most effective in-CooI.j.ngthe er-+;ineand.resulted
in a reduction of the average cylinder-bead temperature

o w for a given index pressure dropof approximately 15- .
as compared with the original installation.

30 F’Or the cruise condition, the modification &
sPinner-diffuser arrar.gemer.twill provide adequate
cooling of the Pratt & Whitney R-2300 eneine at a.nair-
speed which is approximately 20 miles per hour lower
than is needed with the original installation. Adequate
cooling at the ‘high-speed condition can ‘DGachi~ved at
a 50-miLe-~~er+hour lower airspeed by using the modifica-
tion A spinner-diffuser arrangement rathel’ than the
original i.rlstallatfonc

LarigleyMcrnorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Vs..,June 17, 1$)~



REFI!XENC!ES
.—

n 1..Corson, 131a.keW., Jr., and McLe,ll.an,Charles H.:
Cooling characteristics of a Pratt & lNhitney

$ R-2800 Engine Installed in an N.ACA Short-Nose
FIigh-Inlet-’felocftyCowling. NACA ACR NO, L4F06,
1944.

2. Finkel.j ~Teat-TIjans.ferp~OceS~eSBenjamin: ... in Ai.r-
Coo3.edEngine Cylincierfi. NACA .Rep.No, 612,
1938 ●

3. $Clle>”,~s~ar l,~s,Pinkcl, Benjamin, and ZLlerbrock,
Herman H., Jr.: Correction of Temperatures of
Air-Cooled Engine Cylinder~ for ~lariation in
Engine and c~.olingCOndlttOlls~ NACA Rep. No. 645,
1938.

4. Pinkel, Benjamin, and Ellerbrock, Herman E,, Jr.:
~orrelation of Cooling Data from an Air-Cooled
Cylinder and Several Multicylinder ~n~ines.
NACA Rep. No. 6%3, 194C.



● ☛☛ ● O

TABL2l.- ENf31NE-COOLINf3CORRELATIONDATA FOR ORIGINAL WlolulADWY

carbu-
CuMulmm AFRoNMmct

ruol- :p Ta m 1.78 *

air g ‘~ ‘% ‘h ‘h - ‘a ~~% ‘c Em %
Tb Tb - fk

4
rat 10

~APb
We& (*F: (*P) y*f; (v} (*F)T&- zh

(v)
●’s (*’)~‘?) T&- %@~ @

● ☛☛

Tad rlna Qlarga- r’wl
and bbp apoed air rhf
run (rim) flw (lb

(lb/hr) hr {

—

-Test with Constant Fuel-itlr Ratio

T
68 96 68
?0 9? 71

99 72
;; 100 73
73 101 73
77 100 77
78 9? 77
81 102 60
80 99 79

102 79
x 91 72

91 71
E 92 69
70 87 71
67 91 69

# # 1 , , , r
0.s47
.359
●381
●395
.434
.473
.553
.382
.479
.385
.378
.423
.452
.516
.465

.364

.406

.4XI

.460

.381

?40-.1
!40-z
!40-2
!40-4
!40-~
!4C-t
!40-7
40- E
:40-9
40-1(
40-12
40-1?
40-14
40-15
40-16

1100
1100
1100
1100
1100
1100
1100
1100
1100
1100
1100
1100
1100
1100
1100

2120 m40
2120 7973
2120 7987
2120 ‘7937
2120 7803
2120 7?70
2120 7750
2120 7790
2120 7677
2120 7830
2120 7855
2120 7743
2120 7695
2120 75?8
2120 7708 1

840 a?::
646
640 .0802
630 .0794
630 .0808
613 .0788
613 .0791
615 .0?90
619 .0806
623 .0795
613 .0780
592 .0765
592 .0769
565 .0746
603

I
.0782 1

11= 1223 331
1141 212 339
1148 220 353
11541227 367
11431216 385
11601237 408
11571234 43?
11581238 367
11461224 403
11541233 362
11671239 350
11801251 374
11761245 397
11981268 421
11661234 396

0.264
.277
.283
.310
.342
.372
.427

43.0’
36.9
31.1
25.6
19.3
13.1
9.7
30.8
14.9
31.1
31.4
19.5
14.8

ii:!

0.096
.110
.131
.157
.203
.286
.398
.126
.254
.126
.126
.197

57:
599
60s
596
615
604

E:
602

615
814
624
608

671
667
671
676
669
682
681
684
676
681
681

%
695
677

31.6 0.121
27.1 .139
22.7 .167
18.7 .200
14.1 .259
10.4 .348

.5Q0
2;:; .159
11.7 .303
24.2 .151

.158
W .234
10.8 .328

.461
1::: .334

:304
.370
.299
.291
.323
.360
.394
.364

;257
.390
.260

2120 4647
2120 5793
2120 7013
2120 8300
2120 4613

)41-1 600
)41-2 800
!41-3 990
!41-4 1200
!41-5 600

13.5II I.116 624 695 24’i
14.5 .159 607 677 26@
14.2 .228 607 677 7C
14.4 .303 611 680 28C
14.2 .108 614 685 24E

347 .0746
454 .0784
551 .0785
644 .0775
355 .0769 1

70 84 71
85 70

E 87 70
68 88 69
70 86 71

10.1
10.8
10.9

M

.i51

.205

.279

.367

.142

‘l’eats with Variable Fuel-Air Ratio
.
97
98
99

:;
99

%
99
96

::

79
al
82
81
61
81
63—

362
368
374
373
366
350
371
376
334
359
364
364

337
350
382
377
362
397
356

TIT
664 260 0.405 11.1
687 263 .389 12.6
680 266 .403 11.1,
672 264 .4138 11.0
656 262 .416 11.1
618 256 .432 11.2
686 266 .401 11.2
688 268 .403 11.1
584 250 .452 11.1
646 257 .416 11.3
666 258 ●407 11.4
680 250 .Wa 11.3

800
800
800
800

2120 5820
2120 5730
21!al 5’780
2120 5840
2120 6133
2120 6740
2120 5770
2120 5790
2120 7370
2122 6187
2120 5950
2120 5727

2120 10533
2120 10260
2120 9053
2120 7697
1749 7608
2501 7688
?400 13117

10801 79
.0740 78
.0681
.0655 E
.0608 80
.0571 81
.0748
.0683 %
.0530
.0603 ;;
.0633 75
.0707 72

461
424
394
382
372
385
432
396
390
374
377
405

.139

.038
690

:?5
606
490

1142 1220
1183 1260
11911270
11861265
11311210
1021 1101
1180 1260
11941275
926 1003
11081165
11611236

)●309 14.7
.303 15.0
.307 14,8
.308 14.9
.318 14.8
.334 15.0
.307 14.9
.308 14.8
.352 14.9
.318 15.1
.309 15.2
.305 15.1

0.159
.151
.155
,157
.172
,201
.M4
.156
.237
.1’?2
.159
.152

.438

.444

.395

.252

.244

.263

.701

686
610

E;
677
53R
&&

507
570
691
607

618

M
610

%
516

.201

.173

.199

.205

.220

.254

.196

.199

.288

.219

.204

.192

.513

.504

.470

.3,07

.2!2-6

.320

.?73

800
800
800
800
800
800
800
800

42- 8
42- 9
42-10
42-11
42-12 1182 !1255

44
44-
44-
44-
44-

44-
—L

1 1400
2 1400
3 1400
4 1100
5 liGO
6 1040
7 1630

880 940
913 975
1048 1111
11361200
1116 1155
11711266
818 904J-

.1081 56

.1011

.0904 %

.0791 61

.0795 61

.0788
,1136 %

578
608
647
674
626l-!

252
262
274
26?
250
293
276

.52Y

.525

.515

.457

.451L
11.7
11.4
11.4
11.6
11.8
11.X
11.2L

.429 15.1

.430 14.2:

.412 14.9

.359 15.1

.355 15.3

.364 14.5

.499 13.9
752
602— :591
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TA8LE II

ENGINE-COOLINGCORRELATIONDATA FOR MODIFICATION-A
ilAmNAlAoWKf

COMMIT1’EFORAeronautics

carbu=

EngineCharge- Fuel Fuel retor Te AT~AT T 1.76
gh ‘h ‘h-T ‘em %b ‘b ‘b-‘a~ @ph - b~~~(°F)

bhp speed air flow
(lb/ r%o $$;;- (°F)(°F) h?;

— $AP~
(rpm) flow (°F) (°F) T (*F) T-Tb

(lb/hr) hr)
gh- ‘h gb

?F )

Teat
and
run

Tests with Constmt Fuel-Air Ratlo

xzi-
350-2
?50-3
?50-4
?50-5
)50-6
150-7
?50-8

)51-1
?51-2
)51-3
!51-4
?51-5
}51-6
)51-7

T
i153 1206
1144 1198
n47 1202
1151 1206
11521209
1155 1212
1146 1203
114’71204

G
310
317
329
344
322
363
399

425
291
306
332
350
376
387

0.258
.265
.2?3
.288
.309
.272
.342
.405

.435

.217

.242

.275

.297

.341

.356

G
.100
.100
.100
.100
.100
.100
.100

.100
400
500
700
900
,100
200

2120
2120
2120
2120
2120
2120
2120
2120

2120
2120
2120
2120
2120
2120
2120

7930
7880
7830
7780
7?40
7810
7680
7630

7680
3600
4160
5240
6490
7790
8390

3
633
626
620
618
618
618
612

587

&
397
487
614
657

>.0796
.0805
.0802
.0799
●0798
.0793
.0804
.0802

.0764

.0703

.0772
,0757
.0750
.0788
.0?83

zi--
49
50

E
53
53
53

::
63
62
63

%

ZGT
.102
.119
.143
.175
.116
.253
.40?

,.534
.065
.085
.128
.188
.263
.298

m
.155
.169
.159
.190
.215
.225
.427
.405
.378
.614

K
699
600
600
600
601
599
600

604
606
603
605
605
602
602

E6z-
600
592
599
557
533
522
506
534
577
515

43.5
38.7
33.1
27,2
21.9
33.7
15.0
9.2

1::;
15.1
15.1
15.0
14.8
14.9

654
653
655
655
657
258
656
657

663
671
668
670
6?0
668
667
—

~

;6:

%
587
570
598
640
600

—

0.346
.357
.371
.392
.418
.370
;;:;

.592

.329

.346

.384

.415

.460

.473

37.2
37.4
26.3
21.3.
16.9
26.6-
12.0
7.6.

5.9,
12.4,
12.1
;;.::

12:2:
12.0.

0.099
,097
..13?
.16?
.209
.135
.291
.454

.592

.081

.105

.152

.219

.293

.33Z

1173 1232
1194 1259
1169 1234
1177 1242
1181 1246
1158 1224
1162 1227

270
274

Teats with Variable Fuel-AlrRatio

5870
5840
6070
5890
6510
7000
7160
0390
.0060
9690
.2660

zz-
404
381
391
378
384
387
1083
972

l~O;T
).0724 64
.0691 64
.0627 64
.0663 64
.0581 64
.0548 63
.0541 63
.1042 61
.0967 61
:~;~; 60

59

z
66
66
66
66
65

::
64
63
85

— T
1203 1269
1192 1258
1160 1228
1196 1262
1066 1132
983 1048
945 1010
915 979
995 1059
1115 1178
867 952

w
353
351
356
335
323
314
341
361
391
354

T
0.297 15.1
.295 15.1
.303 14.8
.298 15.0
.315 14.9
.327 15.0
.332 14.9
.403 15.1
.398 15.1 T

12.2 0.184
12.2 .182
12.0 .197
12.0 ●188
11.8 ,225
12.1 .247
12.1 ,25?
12.1 .471
12.2 .447
12.2 ,419
12.3 .6471

257

H
257
249
245
241
255
262
275
275

0.416
.415
.423
.419
.441
.451
.456
.542

!51-8
)51.-9
!51-10
!51-11
151-12
!51-13
151-14
!51-15
!51-16
)51-17
!51-18

800
800
800
800
800
800
600
400
400
400
600

2120
2120
2120
2120
2120
2120
2120
2120
2120
2120
2400

:532
.523
,590

.390 15.1
,453 14.9
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TABLE III

ENGINEAOOLIN@ CORRELATIONDATA FOR MODIFICATION-B MmnNILAoylw

3541 1100 2120
354-2 1100 2120
354-3 1100 2120
354-4 1100 2120
354-5 1100 2120

356-1 1100 2120
356-2 1100 2120
356-3 1100,2120
356-4 1100 2120

357-1 1100 2120
357-2 1100 2120
35’?-3 400 2120
357=4 500 2120
357-5 ?00 2120
357-6 900 2120
357-7 1100 2120
357-8 1200 2120

7750
‘?670
762U
7570
7545

7750
7660
7650
7620

7605
7560
3475
4055
5180
6370
7595
8200

Test with ConstantFael-AirRat~o

624
612
610
606
604

624
608
614
615

609
606
261
303
398
504
602
655

).0805
.0790
.0801
.0801
.0801

.0805

.0’794

.0803

.0807

.0801

.0802

.0751

.0747

.0768

.0791

.0793

.0799

,-, ,“,,...

COMMITIEEFORAERONAUTICS
I I I I I

57

;:
57
50

53
63
65
66

60
62

:
64

E
62

79
76

::
71

84
86
87
87

81
82

;:
79
79
81
82

61

%
61
62

66
66

U

63
65
69

::

%
65

1142
1152
1149
1142
1146

1142
1152
1146
1136

1150
1144
1180
1181
1175
1152
1154
1146

1203
1213
1202
1203
1208

1208
1218
1213
1204

1213
1209
1249
1249
1241
1218
1220
1211

310
324
342
365
381

334
368
381
400

364
377
294
306
330
350
374
386

0.259
.279
.309
.348
.375

.286

.332

.353

.309

.333

.356

.225

.241

.276

.312

.346

.368

46.8
34.4
24.5
16.3
13.0

35.5
19.7
15.8
11.7

19.7
16.6
16.4
16.5
16.1
16.0
16.0
15.8

0.083
.110
.153
.226
.282

.108

.192

.239

.320

.190

.237

.058

.075

.118

.171

.232

.269

—
598

Hi
598
598

598
600
598
59?

600
598
606
606
605
600
600
598

—
65fJ
661
659
659
666

664
666
665
665

663
663
675
674
671
666
666
663

—

?26
232
242
256
264

238

264
276

253
262
224
228
238
248
260
266

).340
.364
.398
.454
.488

.361

.409

.444

.486

.419

.449

.322

.336

.367

.404

.441

.466

33.5
25.3
18,2
12.3

9.7

26.0
13.6
11.1
8.5

13.5
11.0
12.0
12.0
12.0
11.9
11.8
11.8

).104
.136
.167
.273
.344

,134
.25M
.308
.400

.251

.305

.079
,101
.151
.213
.285
.324
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Figure l.- Model on which thethreespinner-diffuserarrangements were
testedmoutedti tie LMAL 16-foothigh-speedtiel.
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Figure 5.- Ressure-tube Iocdions in modif ied d iff users.
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Note: All dimensionsarein inches.
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Q

Sideof front cylinders
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c
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+~~g Jear of boffle
Rear of rear cylinders

Fl@Ure 6.- Cy/inder &+e.5.sure- tube loc~tions.
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Figure 17.- Compatimn ofenqiw-cmlkq correlations for the three

spinner-diffuser arrangements.
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